ABSTRACT
Introduction
When a fluid of density p, accelerates another fluid of density p2, hydrodynamic instabilities at the interface cause strong fluid mixing.
The Rayleigh-Taylor [I] (RT) instability occurs for a sustained acceleration or buoyancy (p2-p,)g(t) > 0. The Richtmyer-Meshkov [2] (RM) instability occurs for an impulse g = U S(t) from a shock and for all p2 f p,. The instabilities evolve through several stages [3] which are delineated by the amplitude hk and wavelength h = 27c/k of the unstable modes. For khk -CC 1, the modes grow independently as exp(yt) for RT and 0~ kUt for RM instabilities.
When khk reaches some factor that depends on the spectral width [4-61, nonlinearities reduce the growth rates and broaden the spectrum. The interface then becomes asymmetric because spikes fall (heavy into light fluid) faster than bubbles rise (light into heavy fluid). If the instability is broadband, the nonlinearities will eventually produce a turbulent mixing layer.
The fate of the RT instability can be characterized by its bandwidth and duration. The bandwidth (k) determines the spatial complexity of the mixing zone and it is large when the system size L greatly exceeds the fastest growing wavelength hf. (When hf is determined by viscosity, this criterion is equivalent to having a large Reynolds number.) The duration determines the degree of nonlinearity and is characterized by l/y in the linear regime and a related scale evolution time in the nonlinear regime, Figure 1 shows fl vs h for various physical systems that exhibit hydrodynamic instability. These include the explosion of supernovae 117-81 and magnetized plasmas [9- 141, magnetic confinement [15, 161 and solar layers [17] , inertial confinement fusion [18, 191 (ICF) , the acceleration of metal plates [20-221, underground salt domes [23] and volcanic island arcs [24] .
Since the instabilities are manifested in the nonlinear stages within complex physics environments, they are usually described with numerical simulations [5, 6, 25- We estimate a deceleration -20 go from the 1D velocity profiles and A -.6 from the 1 D density profiles. The line is hl + h2 using a2 = .05 and ai = .08 is approximately three times smaller than the NS. This can be attributed to the threefold radial decompression observed in the ID NS, which acts to expand the perturbations in excess of our incompressible results. However, the linear relationship in Fig. 5 shows that the mixing is self-similar as expected since the instability is broadband and nonlinear ($ > IO).
Impulsive acceleration
An impulsive acceleration is interesting because it probes the inertial evolution of the hydrodynamic instabilities, which differs qualitatively from Eq. 1. In particular, consider an impulse U = J g dt in which g is applied for a short time t,. The subsequent growth of a random (broadband) initial perturbation hi, is expected to be
where pi E Vi,(t-t,)/Bihi, +l and Vi, is Vi = dhildt evaluated at t = t,.
Equation 2 has two key uncertainties. First, the variation of the exponents 8i with density contrast is unclear because the few NS and experiments are not in accord. Second, when the impulse comes from a high Mach number shock, the compression of the densities (A) and initial amplitudes hi, complicates the evaluation of Vi,.
In this section, we describe experiments to evaluate both issues using incompressible experiments on the LEM for (1) and using strong (Mach > IO) radiatively driven shocks on NOVA for (2).
Incompressible LEM experiments
The LEM experiments are similar to those described [46] Similar experiments [64] have been conducted with random 3D perturbations of amplitude hi,--7 pm and average wavelength h -50 pm. The shock and interface speeds are s1 -46 pm/ns, s2 -73 pm/ns and U -57 pmns. The initial fluid densities 1.7 and .I2 g/cme3 were compressedto p, -2 g/cm-s and p2 -.5 g/cmw3, such that A --.6.
The variation of hl +h2 with the net displacement Z-Z, is shown in Fig.   9 . The data is fit with to a power law with exponent . h -C-Z h, in Fig. 11 b, we find that P,, is decreasing for h > H2 2 40 km, which is near the minimum observed spacing for volcanic islands.
Such an interpretation links the observed spacing with the thickness of the lithosphere.
At the average spacing of h -70 km, the critical amplitude is estimated to be 5-6 km, which is about 10% of the depth of the magma source. This appears to be somewhat large and better modelling is required to include the substantial variations with depth.
In previous calculations, the fluids were characterized simply as viscous with a peak growth rate at h -~cH~(v~/v,)"~. Points are data and lines are linear fits to obtain the growth coefficients ai. 
